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Abstract Malaria is a serious public health problem in most countries of the tropics. Oxidative stress is related to
the severity of malaria, oxidative stress in malaria may originate from several sources including intracellular
parasitized erythrocytes and extra-erythrocytes as a result of haemolysis and host response. The aim of this study
therefore is to determine the gender difference on stress induced by malaria parasite infection and effect of antimalaria drug on stress index. 202 confirmed malaria infected patients were recruited for the study between the ages
of 15 – 64 years of both sexes at the general outpatient clinic of the Federal Medical Centre, Ido-Ekiti, Nigeria.
129(63.9%) were males and 73(36.1%) were females. The mean ± SD of MDA, MPC and WBC in male were
significantly (P < 0.05) higher compared to female in pre, post anti-malaria drug treatment. Stress induced by
malaria parasite was observed higher in male compared to female; gender norms and values that influence the
division of labour, leisure patterns, and sleeping arrangements can influence different patterns of exposure to
mosquitoes for men and women which responsible for differences in stress induced by malaria parasite among the
gender; during malaria treatment, the level of stress induced by malaria parasite was decline due to the effect of antimalaria drug used.
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1. Introduction
Malaria is a serious public health problem in most
countries of the tropics. It is a major cause of mortality
and morbidity, between 300 and 500 million people suffer
acute cases of malaria in 100 developing countries each
year, and the majority of the victims are children [1]. In
Nigeria about 96 million people are exposed to malaria,
and out of these 64 million people get infected and almost
300,000 deaths are being reported annually in the general
population, of which over 100,000 deaths are of children
[2]. However, the available data indicates that malaria is
the most common cause of outpatient visits. Malaria is
caused by protozoan parasites belonging to the genus
plasmodium which infects and destroys red blood cells.
Four species of plasmodia (Plasmodium falciparum,
Plasmodium malariae, Plasmodium ovale and Plasmodium
vivax) cause malaria in humans of which Plasmodium
falciparum is the most dangerous form of malaria and life
threatening in an unprotected, non-immune population
causing high morbidity and mortality. A gender approach
contributes to both understanding and combating malaria.
Gender norms and values that influence the division of
labour, leisure patterns, and sleeping arrangements may

lead to different patterns of exposure to mosquitoes for
men and women [3]. Detection of malaria in peripheral
smear is the gold standard for diagnosis of malaria.
Malaria parasite counts is the most important aspects of
reporting malaria infections, it estimate the level of
parasitemia present in the blood, morphological
assessment of malaria parasites is also critical for accurate
interpretation. Assessment of the parasite density provides
a useful indicator of severity of infection, particularly in
non-immune patients, and the level of parasitaemia
(parasite burden or load) correlates generally with clinical
features and prognosis. There are two acceptable methods
of expressing the malaria parasite load: either as the
percentage of infected erythrocytes as counted on a
stained thin blood film (e.g. 1% parasitaemia), or the
number of parasites per unit volume of blood (e.g.5000
parasites/μl). The latter is usually assessed on a stained
thick film by counting parasites against leukocytes
(100,200 or more), then multiplying by either the patient’s
own leukocyte count if available, or a standard count of
8000/μl [4]. Stress is a normal physical response to events
that makes body feel threatened. Stress response is the
way of protecting the body by nervous system responds
releasing a flood of stress hormones; including adrenaline
and cortisol. These hormones arouse the body for
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emergency action. Stress induce rise in corticotropin
releasing hormone (CRH) and adrenocoticotropic hormone
(ACTH) which in turn promotes the release of cortisol.
The existence of oxidative stress during acute malaria
infection has been demonstrated previously, including
depletion of antioxidants [5], increased plasma lipid
peroxidation and altered fluidity of erythrocyte membrane
[6]. The oxidative stress results from host immune
reaction, as an acute phase response, and the
intraerythrocytic parasite's metabolic processes. Although
the oxidative stress appears to be a common phenomenon
in acute infection, it may cause a specific consequence in
malaria pathogenesis. Oxidative stress is related to the
severity of malaria infection and may originate from
several sources including intracellular parasitized
erythrocytes [7] and extra-erythrocytes as a result of
haemolysis and host response [5]. Malondialdehyde is an
organic compound being generated from reactive oxygen
species (ROS) and as such is assayed in vivo as a biomarker of oxidative stress. Malaria infection has been
found to be associated with lipid peroxidation
(Malondialdehyde) (MDA) accompanying reduction in
antioxidant capacity of the infected patients especially
Plasmodium falciparum infection. Artemisinin is widely
used as an agent to treat malaria; during recent years this
compound and several derivatives have emerged as the
most potent anti-malaria agents, being especially active
against chloroquine-resistant malaria strains [8]. The
mode of action of artemisinin on plasmodium falciparum
has been associated with the generation of oxidative stress.
During malaria infection, massively recruited by activated
monocytes and neutrophils in the host and haemoglobin
degradation produced increasing level of reactive oxygen
species (oxidative stress). In malaria infection, both host
and parasites are under oxidative stress; the effect of
reactive oxygen species in malaria can be both beneficial
and pathological, depending on the amount and place of
production [9] oxidative stress during malaria is beneficial
to the patient in the combat against its intra erythrocytic
parasites. Several studies have been described in which
induction of oxidative stress by treatment with prooxidants proved to be effective against infections. On the
other hand, reactive oxygen species play a role in the
pathology of malaria, excessive oxidative stress and
particularly at unwanted places (for example vascular
endothelial lining, blood brain barrier) will damage the
defense system. Intra and extra cellular anti-oxidant
systems are present to prevent damage but they may fail
during disease. Pro-oxidant support the host defense
against the parasites when working in or near the infected
cells but potentially caused vascular damage when
working in or near the vascular lining. Treatment with
anti-oxidants rein-forces these systems and protect the
patient, especially during the life threatening phase of the
disease [10,11]. An understanding of the role and
mechanisms of action of oxidative stress may eventually
leads to the development of new drugs and new concept of
treatment in malaria infection. Oxidative stress is the
result of a disturbance in the balance of the naturally
generated oxidant and anti-oxidants. This can caused an
increase in production of reactive oxygen species and/or a
decrease in the activity of anti-oxidant system. Several
studies reported on the increased oxidative stress in
isolated infected red blood cells (IRBCs). It was suggested

that reactive oxygen species are produced as a result of the
oxidation and the degradation of ingested haemoglobin in
the acidic environment of the parasite’s food vacuole.
Acidification of the lysate in P.falciparum-infected
erythrocytes which also occurs during the digestion of
host cell cytosol in the acid food vacuole of the parasite
results in the generation of (H2O2). This is probably
produced during the auto-oxidation of oxygen
haemoglobin. Intact trophozoites infected red blood cells
produce hydrogen peroxides (H2O2) and hydrogen
hydroxides (OH) radicals about twice as much as normal
erythrocytes while no increase is detected at the ring stage
when haemoglobin breakdown is limited. In the presence
of reducing agents like ascorbate, extracts from parasitized
erythrocytes caused a dose and time dependent DNA
degradation [12]. It was suggested that a progressive
increase in intracellular iron levels during the further
development of P. falciparum infected red blood cells
which leads to an increased production of hydrogen
peroxides [H2O2] and hydroxyl (OH) radicals that cause
molecular and cellular damage [13]. Besides an enhanced
intra erythrocytic oxidative stress, increased production of
reactive oxygen species has also been observed outside the
parasitized erythrocyte. In malaria infection, both host and
parasite are under oxidative stress, increased production
levels of reactive oxygen species (ROS, e.g. superoxide
anion and the hydroxyl radical) are produced by activated
neutrophils in the host and during degradation of
haemoglobin in the parasite. The effects of reactive
oxygen species in malaria can be both beneficial and
pathological, depending on the amount and place of
production. Enhanced reactive oxygen species production
after the administration of pro-oxidants, which is directed
against the intra-erythrocytic parasite, inhibits the
infection both in vitro and in vivo [14,15]. However,
reactive oxygen species are also involved in pathological
changes in host tissue like damage of the vascular
endothelial lining during a malaria infection (cerebral
malaria). Pro-oxidants support the host defense against the
parasite when working in or near the infected cell but
potentially cause vascular damage when working on or
near the vascular lining. Examples of pro-oxidants are
artemisinin and its derivatives. The aim of this study
therefore is to determine the gender difference on stress
induced by malaria parasite infection and effect of antimalaria drug on stress index.

2. Materials and Methods
2.1. Subjects Selection
Two hundred and two confirmed malaria infected
patients were recruited for the study between the ages of
15 – 64 years of both sexes at the general outpatient clinic
of the Federal Medical Centre, Ido-Ekiti, Ekiti State,
Nigeria. One hundred and two apparently healthy malaria
negative subjects were used as controls from hospital staff
at Federal Medical Centre, Ido-Ekiti which serves as study
control group and comprising both sexes between the ages
15 – 64 years within March 2012 and November 2013.
The study was conducted with an informed consent of the
patients. Ethical approval was obtained from ethical
committee of Federal Medical Centre, Ido-Ekiti, Ekiti State.
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2.2. Sample Collection
About 7ml of blood sample was collected from each
subject on the first day of visiting hospital as baseline
sample grouped as pre anti-malaria drug treatment sample,
after the patient has been clinically diagnosis for malaria
infection and confirmed using malaria rapid kit, another
7ml of blood sample was collected on the second or third
day from the same patient after taking anti-malaria drugs
then grouped as post anti-malaria drug treatment sample.
Out of 7ml blood sample collected; 3ml of blood sample
was dispensed into plain bottles; serum was extracted to
assay stress index hormone (cortisol) using ELISA
method by monobind Inc. lake forest and
malondialdehyde (MDA) using Thiobarbituric Acid Assay
method, 1ml of blood sample was dispensed into fluoride
oxalate bottles to assay blood glucose level using glucose
oxidase test method and 3ml of blood sample was
dispensed into lithum heparin bottle to assay lipid profile
using randox kit. Malaria parasite was screened for using
commercially prepared malaria rapid test kit; also thick
and thin blood film was made for microscopic gold
standard diagnosis of malaria parasite infection; for
malaria parasite detection, malaria parasite count and
malaria parasite species identification. Questionnaire was
used to obtain the demographic characteristics and other
relevant information for the study.

2.3. Microscopic Diagnosis of Malaria
Parasite Using Thick and Thin Stained Blood
Film
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Thick blood film was made and stained using Giemsa’s
staining technique for malaria parasite detection and
malaria parasite count. However, thin blood film was also
made and stained with Leishman staining technique for
plasmodium species identification as described by Monica
Cheesbrough, 2005 [16]. Changes in parasitized red cells
help to identity plasmodium species and to detect mixed
infection of malaria parasite. The number of asexual
P.falciparium and other species per 200 leukocytes were
counted and if ten or more parasites were identified, then
the number was recorded, a blood sample was regarded as
negative if the examination of thick films failed to show
the presence of asexual parasites [17,18]. The parasite
count in relation to the leukocyte count was converted to
parasite per micro litre of blood using this mathematical
formula

parasites / ul of blood
Number of observed asexual parasites
x total WBC count / ul
=
200 (Number of leucocytes counted)

2.4. Statistical Analysis
Data obtained were analyzed using student t-test to
compare means. Analysis was performed using computer
database software from the statistical package for social
sciences (version 16.0 SPSS). A P-value of < 0.05 was
considered statistically significant in all clinical
comparisons at 95% confidence interval.

Table 1. Mean standard deviation of gender differences on stress index, blood glucose and lipid profile in pre, post anti malaria drugs
treatment in malaria infected and control subjects
GROUPS
Parameters
CORTISOL g/dL
MDA nmol/L
GLUCOSE mmol/L
HDL mg/Dl
LDL mg/Dl
TRIG mg/dL
WBC X109/L
MPC µ/L

Pre- treatment
Male
Female
(N=129)
(N=73)
23.38 ± 3.77
21.10 ± 3.08
19.98 ± 3.25
19.16 ± 2.41
5.23 ± 0.73
4.92 ± 0.79
29.58 ± 4.66
29.07 ± 4.54
51.81 ± 15.92
55.84 ± 16.37
77.35 ± 19.35
79.42 ± 21.47
6.82 ± 1.81
6.45 ± 1.37
2643.00 ± 474.85 2602.20 ± 281.73

P
value
0.08
0.03*
0.08
0.44
0.73
0.18
0.00*
0.00*

Post treatment
Male
Female
(N=129)
(N=73)
18.09 ± 7.05
14.37 ± 4.58
16.46 ± 6.22
13.28 ± 3.59
4.53 ± 0.92
4.08 ± 0.69
27.54 ± 3.48
27.51 ± 3.40
57.41 ± 12.20
60.59 ± 12.04
86.24 ± 17.14
88.03 ± 18.47
6.08 ± 2.14
5.44 ± 1.52
2373.40 ± 625.99 2184.50 ± 300.35

p.
value
0.01*
0.00*
0.05*
0.69
0.99
0.17
0.00*
0.00*

Control
Male
Female
(N=58)
(N=44)
7.27 ± 1.52
5.71 ± 1.29
8.66 ± 0.85
7.86 ± 0.68
3.63 ± 0.33
3.57 ± 0.31
43.07 ± 3.86 40.77 ± 2.96
64.66 ± 6.40 59.95 ± 6.68
99.64 ± 12.29 92.82 ± 9.52
4.49 ± 0.30
4.33 ± 0.35
-

p.
value
0.20
0.04*
0.69
0.07
0.57
0.04*
0.24
-

P<0.05 significance, P>0.05 no Significant, F (P-value) = mean + SD of parameters compared using ANOVA.

3. Results
Most of the participants were from rural residence and
all of them were infected with Plasmodium falciparum
species; patients without malaria parasite in their blood
were disqualified from the study. Out of the 202 malaria
infected patients 129 (63.9%) were males and 73 (36.1%)
were females; in control subjects 58 (56.9%) were males
and 44 (43.1%) were females. The mean ± SD of MDA in
male was significantly (P < 0.05) higher compared to
female in pre, post anti malaria drug treatment and control
subjects; mean ± SD of MDA in both sexes for pre antimalaria treatment was significantly (P < 0.05) higher
compared to post anti malaria drug treatment and control
subjects. Mean ± SD of cortisol and glucose were higher
in male compared to female in pre, post anti malaria drug
treatment and control subjects; the difference was only
significant (P < 0.05) in post anti malaria drug treatment.
However, the mean ± SD value of cortisol and glucose
were higher in both sexes for pre anti malaria drug

treatment compared to post anti malaria drug treatment
and control subjects. Mean ± SD of HDL in male was
higher compared to female in pre, post anti malaria drug
treatment and control subjects although the difference was
not statistically significant (P > 0.05). Mean ± SD of HDL
in both sexes for post anti malaria drug treatment was
lower compared to pre anti malaria drug treatment and
control subjects. Mean ± SD of LDL, triglycerides and
total cholesterol in male was lower compared to female in
pre, post anti malaria drugs treatment, although the
difference was not statistically significant (P > 0.05);
however, in control subjects, mean ± SD of LDL,
triglycerides and total cholesterol in male were higher
compared to female, there was no statistically significant
difference except in triglycerides. Mean ± SD of LDL,
triglycerides and total cholesterol in pre anti malaria drug
treatment was lower in both sex compared to post anti
malaria drug treatment and control subjects. Mean ± SD of
WBC in male was higher compared to female in pre, post
anti malaria drug treatment and control subjects. The
difference was significant (P < 0.05) except in control
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subjects. Mean ± SD of WBC in both sexes for pre anti
malaria drug treatment was higher compared to post anti
malaria drug treatment and control subjects. Mean ± SD of
MPC in male was significantly (P < 0.05) higher
compared to female in pre and post anti- malaria drug
treatment. Mean ± SD of MPC for pre anti-malaria drug in
both sex was significantly (P < 0.05) higher compared to
post anti-malaria drug treatment. Since control subject
were at infected with malaria, hence MPC was null as
shown in the Table 1.

4. Discussion
Malaria parasite counts is the most important aspects of
reporting malaria infections, it estimate the level of
parasitemia present in the blood. In this present study, the
mean value of malaria parasite count and stress index in
male was significantly higher compared to female in both
pre-treatment and post anti-malaria drug treatment; this
findings was supported by [19] stated that the prevalence
of Plasmodium infection was higher in male than in
female malaria infected patients; concluded that the cause
could be due to the fact that males expose their bodies
more than females when the weather is hot and thus
increases their chances of being bitten by the mosquito.
Females, on the other hand, are usually not naked and tend
to stay indoors, helping out with household chores. This
reduces their contact with the mosquito vector. Also,
studies have shown that females have better immunity to
parasitic diseases and this was attributed to genetic and
hormonal factors [20]. However, there is some
information on oxidative stress in men showing a prooxidant effect of testosterone [21]. In female decreased
superoxide anion production by the endothelium in
response to estrogen is considered to contribute to
vascular protective properties of estrogen [22]. However,
the level of parasitemia in post anti-malaria drug treatment
was lower compared to pre anti-malaria drug treatment in
both gender; this was due to effect of anti-malaria drug
used during treatment [23,24] supported that, patients with
high parasite count have more severe and complicated
course, also stated that the level of parasitaemia is useful
as one of the criteria in defining “severe P. falciparum
malaria” and to monitor the effect of anti-malarial therapy.
In this present study, the level of stress induced by malaria
parasite (p. falciparum) in male was higher compared to
female which reflect with high level of cortisol, MDA and
glucose in male both in pre-treatment and post antimalaria drug treatment. Cortisol, MDA and glucose level
in control subjects were observed lower compared to value
obtained in pre-treatment and post-treatment. Supporting
this study, high cortisol is expected before malaria
treatment due to the maintained stress induced by malaria
parasite but on treatment a decline in the levels of cortisol
is found in maintained stress [25]. Cortisol, MDA and
glucose levels would probably return to normal. This can
be explained by the fact that fever reflects a time of blood
cell lysis, releasing parasite antigens into the circulation
which in turn, induce the release of cytokines. These
cytokines stimulate the thermo-regulatory centre in the
hypothalamus as well as the HPA axis, and this fact
explain the higher cortisol levels during pre-treatment of
malaria infection with schizogony therefore representing

an acute stimulus of the HPA axis. Cortisol level tended to
decline during the course of the disease and treatment, a
finding that might be explained by the fact that the patient
will acquire a certain resistance to malaria over time [26].
Tim et al., 1998 [27] reported that there was significant
rise in serum cortisol level of malaria patients compared to
control. These results demonstrate the presence of
increased cortisol levels in patients with P. falciparum
malaria infection, indicating stimulation of the HPA axis
in these patients. Cortisol levels will be declining as the
clinical condition improves and parasitemia decreases,
probably due to a lower cytokine production. Acute
stimulation of the HPA axis by stress induced in malaria
infection leads to the release of cortisol and other steroids
produced and secreted by the adrenal glands resulted in
increased cortisol concentrations throughout the stimulus,
a reduction in the stimulation of the HPA axis occurs with
clinical improvement [28]. Tim et al., 1998 [27]
demonstrates higher serum cortisol level in acute stage of
malaria infection than corresponding convalescent levels.
Inamo et al., 1991 [29] reported a two – fold increase in
cortisol levels during febrile of malaria infection. The
glucose metabolism during malaria infection is affected by
several factors, including drug treatment, fever, parasite
metabolism, hormonal changes, cytokines, fasting and
gastrointestinal disturbances [30]. Hypoglycaemia occurs
during the management of patients with malaria, it is well
known that anti-malaria drug stimulates diabetes relevant
parameters, such as increased plasma insulin
concentrations and hypoglycaemia this fact supported the
findings in this present study with low glucose level in
post anti-malaria drug treatment compared to pre antimalaria drug treatment. Davis et al., 1993 [31] reported
that in adults with severe malaria infection, glucose
production was increased by 50% compared to
convalescence. Increased glucose production in malaria
infection especially in severe or in cerebral malaria was
entirely dependent on gluconeogenesis, in non‐severe
malaria, glucose production is increased by approximately
25%, and gluconeogenesis contributes approximately 87%
to total glucose production [33]. Cytokines, counterregulatory hormones and precursor supply are all
potentially implicated in the regulation of glucose
production in malaria infection. High plasma cortisol may
stimulate gluconeogenesis in humans [33] increase in
plasma glucose concentration supports the idea of a major
role for cortisol in the stimulation of gluconeogenesis in
patients with malaria. However, increase in plasma
cortisol associated with a major stimulation of
gluconeogenesis in the patients with non‐severe malaria
[32]. The plasma glucose concentration is the result of
glucose production and glucose uptake. Low serum lipid
level observed in male compared to female in pre and post
anti-malaria drug treatment in this study, was not
statistically significant but reflect degree of stress induced
by malaria infection in both gender and effect of antimalaria drugs during treatment. This is supported with the
fact that; rapidly growing malaria parasite requires large
amounts of lipids for increase in surface area and volume
of its internal membranes and certain serum lipid fractions
may favour the onset and/or severity of malaria infection.
Contrarily, Kittl et al., 1992 [34] have shown no
correlation between severity of malaria attacks and extent
of HDL – cholesterol decrease. Human serum HDL is
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necessary for P. falciparum in in-vitro culture. Lipids have
been observed to play important roles in pathological
changes observed in malaria infection and are implicated
in the production of immunity against diseases [35].

[17]
[18]

5. Conclusion
Plasmodium infected human erythrocytes are under
increased oxidative stress exerted by the malaria parasite
capable of generating reactive oxygen species within the
erythrocytes. Stress induced by malaria parasite was
observed higher in male compared to female; gender
norms and values that influence the division of labour,
leisure patterns, and sleeping arrangements can influence
different patterns of exposure to mosquitoes for men and
women which responsible for differences in stress induced
by malaria parasite among the gender; during malaria
treatment, the level of stress induced by malaria parasite
was decline due to the effect of anti-malaria drug used.
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